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Abstract 
 
I 
 
The thesis entitled “Studies towards the total synthesis of (–)-Elisapterosin-B, (–)-
Colombiasin-A, (R)-(+)-Goniothalamin, (+)-Strictifolione and development of new 
synthetic methodologies.” has been divided into three chapters.  
 
Chapter I: This chapter is further divided into two sections. 
Section A: This section describes an introduction, previous approaches and the   
stereoselective synthesis of (R)-(+)-Goniothalamin.  
Section B: This section describes an introduction, previous approaches and the 
stereoselective synthesis of (+)-Strictifolione. 
 
Chapter II: This chapter describes an introduction to tuberculosis, previous approaches and 
studies towards the total synthesis of (–)-Colombiasin-A and (–)-Elisapterosin-B.  
 
Chapter III: This chapter is further divided into two sections. 
Section A: This section describes an introduction to malaria & quinolines and microwave-
assisted one-pot synthesis of 2,4-disubstituted quinolines under solvent-free conditions. 
Section B: This section describes an introduction to Friedlander quinolines and their 
synthesis on the surface of recyclable heteropoly acid silver phosphotungstate 
(Ag3PW12O40). 
  
CHAPTER I: Section A: This section describes an introduction, previous approaches and 
the   stereoselective synthesis of (R)-(+)-Goniothalamin.  
 
Introduction: This part of the section describes an introduction and literature review on 
important approaches for the synthesis of (R)-(+)-Goniothalamin 1.  
 
 
 
 
Present work: Stereoselective synthesis of (R)-(+)-Goniothalamin  
The retrosynthetic strategy for the synthesis of R-(+)-Goniothalamin 1 is depicted in 
Scheme 1. Accordingly 1 could be envisioned from 2 by Still-Gennari modified Horner-
O
O
 R-(+)-Goniothalamin 1
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Wadsworth-Emmons olefination followed by subsequent para-toluenesulphonic acid 
(PTSA) catalyzed deprotection and lactonisation. The intermediate 2 would be derived from 
an aldol adduct 3, which inturn could be obtained from DIBAL-H reduction of its TBS 
ether. The aldol adduct 3 can be obtained by the diastereoselective reaction between trans-
cinnamaldehyde 5 and N-acetyl-4-benzyl-thiazolidinethione 4 under Crimmins’ protocol. 
 
 
 
 
 
Scheme 1 
We started our synthesis with the preparation of N-acetyl-4-benzyl-
thiazolidinethione 4 in three steps from inexpensive commercially available (S)-
phenylalanine 6. Accordingly, reduction of (S)-phenylalanine 6 with NaBH4 and I2 in THF 
following Meyers method afforded (S)-phenylalaninol 7 in 92% yield. The 
thiazolidinethione 8 was prepared in 85 % yield from (S)-phenylalaninol 7 by refluxing in 
the presence of aq. KOH and CS2 by a modification of the Corre’s procedure. Acylation of 
the thiazolidinethione 8 was accomplished with n-butyllithium and acetyl chloride to furnish 
the required N-acetyl-4-benzyl-thiazolidinethione 4 in 95% yield (Scheme 2).  
 
 
 
 
Scheme 2 
 
Having prepared N-acetyl-4-benzyl-thiazolidinethione 4 in adequate quantity, we 
commenced the synthesis of key of intermediate 3 with an aldol reaction between trans- 
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cinnamaldehyde 5 and titanium enolate of N-acetyl-4-benzyl-thiazolidinethione 4 under 
Crimmins’ protocol. Accordingly the corresponding acetate aldol adducts 3 & 3a were 
obtained in 82% combined isolated yield with high diastereoselectivity (3/3a = syn:anti = 
95:5). The more polar major syn-diastereomer 3 was easily separated by flash column 
chromatography in 77.9% isolated yield (Scheme 3). 
The secondary hydroxyl group of syn aldol product 3 was protected as TBS-ether by 
treating with TBDMSCl in the presence of 2,6-lutidine in DMF for 3 h to furnish the desired 
product 9 in 95 % yield. Next, the reduction of imide group of 9 with DIBAL-H at –78 oC in 
CH2Cl2 for 10 min. resulted in corresponding aldehyde 2 in 92 % yield. By adopting the 
Still-Gennari modified Horner-Wadsworth-Emmons olefination reaction condition, in which 
the aldehyde 2 was treated with sodium salt of bis(2,2,2-trifluroethyl)(methoxycarbonyl 
methyl) phosphonate at –78 oC for 1 h to afford the corresponding cis-olefinic ester 10 as the 
major isomer in 82 % isolated yield. Finally the cis-olefinic ester 10 was cyclised in the 
presence of catalytic PTSA in MeOH for 1 h to furnish R-(+)-Goniothalamin 1 in 87 % 
yield. The 1H NMR, 13C NMR, mass spectroscopic and optical data were in full accord with 
those reported earlier for this natural product. Thus, we have accomplished the 
stereoselective total synthesis of R-(+)-Goniothalamin 1 in 5 steps with an overall yield of 
48.5% (Scheme 4). 
  
 
 
 
 
 
 
 
Scheme 4 
 
Section B: This section describes an introduction, previous approaches and the 
stereoselective synthesis of (+)-Strictifolione.  
 
Introduction: This part of the section describes an introduction and literature review on 
important approaches for the synthesis of (+)-Strictifolione 11. 
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Present work: Stereoselective synthesis of (+)-Strictifolione  
Retrosynthetic analysis revealed that target compound (+)-Strictifolione 11 could be 
obtained from anti-diol 12 and vinyl lactone 13 by olefin cross-metathesis using Grubbs’ II 
catalyst. The anti-diol fragment 12 would be obtained by sequence of reactions including 
reductive cleavage with N,O-dimethylhydroxylamine hydrochloride (Weinreb’s salt), 
allylation and anti-selective reduction of key syn-aldol intermediate 3, which inturn could be 
obtained from Crimmins’ diastereoselective aldol reaction between trans-cinnamaldehyde 5 
and N-acetyl-4-benzyl-thiazolidinethione 4. Vinyl lactone 13 could be obtained by sequence 
of reactions including TBS-protection, DIBAL-H reduction, Still-Gennari modified Horner-
Wadsworth-Emmons olefination, PTSA catalyzed deprotection and lactonisation of key syn-
aldol intermediate 14, which inturn could be obtained from Crimmins’ diastereoselective 
aldol reaction between acrolein 15 and N-acetyl-4-benzyl-thiazolidinethione 4. Vinyl lactone 
13 would also be obtained from a sequence of reactions from syn-aldol intermediate 3 
(Scheme 5). 
 
 
 
 
 
 
 
 
 
 
Scheme 5 
Accordingly synthesis of anti-diol 12 commenced from key syn-aldol intermediate 3 
(whose synthesis has been described in Chapter I, Section A and Scheme 3). Transamidation 
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CH2Cl2 for 12 h resulted in corresponding Weinreb amide  16 in 82% yield. Double bond in 
compound 16 was hydrogenated using 10% Pd/C in EtOAc for 6 h to furnish the saturated 
Weinreb amide 17 in 95% yield. Grignard reaction of Weinreb amide 17 with allyl 
magnesium chloride in THF at 0 oC for 30 min. furnished the β-hydroxy homoallylic ketone 
18 in 85% yield. Next anti-selective reduction of β-hydroxy homoallylic ketone 18 using 
tetramethylammonium triacetoxyborohydride in solvent system CH3CN:AcOH (4:1) at –20 
oC for 5 h afforded the corresponding 1,3-diols 12 & 12a in 78% combined isolated yield 
with high diastereoselectivity (12/12a = anti:syn = 95:5) as separable mixture, from which 
74.1% of major anti-diol 12 was isolated by column chromatography (Scheme 6). 
 
 
 
 
 
 
Scheme 6 
The anti relative stereochemistry of 1,3-diol 12 was established by its conversion to 
the corresponding acetonide 19 in 95% yield by treating with 2,2-dimethoxypropane and 
catalytic pyridinium para-toluenesulphonate (PPTS) in CH2Cl2 for 3 h at room temperature. 
The anti relative configuration of the hydroxy groups was confirmed based on 
Rychnovsky’s analogy, wherein the 13C NMR spectra of 19 exhibited both the acetonide 
methyl carbons at δ 3.8 and the quaternary carbon at δ 100.2 ppm, confirming the twist boat 
conformation of the acetonide, an adoption which is a characteristic of the anti-1,3-diol 
moiety (Scheme 7). 
 
 
 
Scheme 7 
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described in Chapter I, Section A) in order to complete the total synthesis (+)-Strictifolione 
11. We already knew few literature instances to support the successful participation of vinyl, 
allyl & cinnamyl moieties in Grubbs’ ring-closing metathesis and vinyl, allyl & crotyl 
moieties in olefin cross-metathesis. Accordingly we have studied the Grubbs’ olefin cross-
metathesis reaction between two fragments 12 and R-(+)-Goniothalamin 1 with different 
catalytic loadings of Grubbs’ first & second generation catalysts and Hoveyda-Grubbs’ first 
& second generation catalysts in different solvents (benzene & CH2Cl2) and additives 
[Ti(OiPr)4 & quinone]. The results clearly demonstrated that olefin cross-metathesis reaction 
between two fragments 12 and R-(+)-Goniothalamin 1 has not been yielded the anticipated 
(+)-Strictifolione 11 (Scheme 8). 
 
 
 
Scheme 8 
After failure attempts of Grubbs’ olefin cross-metathesis reaction between the 
fragments 12 and R-(+)-Goniothalamin 1, next we adopted our original strategy to include 
vinyl lactone 13 as successful partner in this reaction. Accordingly, aldol reaction between 
acrolein 15 and titanium enolate of N-acetyl-4-benzyl-thiazolidinethione 4 under Crimmins’ 
protocol afforded the corresponding acetate aldol adducts 14 & 14a in 78% combined 
isolated yield with high diastereoselectivity (14/14a = syn:anti = 80:20). The more polar 
major syn-diastereomer 14 was easily separated by flash column chromatography in 62.4% 
isolated yield (Scheme 9).  
 
 
 
 
 
Scheme 9 
The secondary hydroxyl group of syn aldol product 14 was protected as its TBS-
ether by treating with TBDMSCl in the presence of 2,6-lutidine in DMF for 3 h to furnish 
the desired product 20 in 92 % yield. Next, the reduction of imide group of 20 with DIBAL-
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H at –78 oC in CH2Cl2 for 10 min. resulted in corresponding aldehyde 21 in 87 % yield 
(Scheme 10).  
 
 
 
Scheme 10 
Alternatively, the compound 21 can be prepared according to the following route as 
depicted in Scheme 11. Consequently transamidation of the TBS-protected β-hydroxy amide 
9 (whose synthesis has been described in Chapter I, Section A and Scheme 4) with N,O-
dimethylhydroxylamine hydrochloride and imidazole in CH2Cl2 for 12 h resulted in 
corresponding Weinreb amide  22 in 92% yield. Ozonolytic cleavage of olefinic bond in 22 
resulted in crude aldehyde which on one carbon homologation by treating with 
benzothiazol-2-yl-methyl sulfone (BT sulfone) 23 and NaHMDS at –78 oC in THF for 16 h 
under Julia-Kocienski conditions furnished the compound 24 in 85% overall yield for two 
steps. After that, the reduction of amide group of 24 with DIBAL-H at –78 oC in THF for 1 
h resulted in corresponding aldehyde 21 in 89 % yield. The spectral and optical rotation data 
of compound 21 in this method were in full agreement with the compound prepared in the 
above synthetic route as depicted in Scheme 10 (Scheme 11). 
 
 
 
 
 
 
  
Scheme 11 
Benzothiazol-2-yl-methyl sulfone (BT sulfone) 23 can be easily prepared in high 
yields following the two-step sequence. Consequently, benzothiazole-2-thiol 25 on treatment 
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presence of 5 mol% phosphotungstic acid (H3PW12O40) for 12 h furnished BT sulfone 23 in 
92% overall yield for two steps (Scheme 12). 
 
 
 
 Scheme 12 
Next aldehyde 21 on Still-Gennari modified Horner-Wadsworth-Emmons olefination 
in the presence of sodium salt of bis(2,2,2-trifluroethyl)(methoxycarbonyl methyl) 
phosphonate at –78 oC for 1 h resulted in corresponding cis-olefinic ester 27 as the major 
isomer in 85 % isolated yield.  Finally cis-olefinic ester 27 was cyclised in the presence of 
catalytic PTSA in MeOH for 1 h to furnish vinyl lactone 13 in 80 % yield (Scheme 13).  
 
 
 
Scheme 13 
With the two key fragments 12 and 13 in hand, the next concern was to couple them 
by olefin cross-metathesis reaction. Accordingly olefin cross-coupling reaction of 12 and 13 
using 5 mol% Grubbs’ second generation catalyst IIB in CH2Cl2 at reflux condition for 5 h 
led to the target molecule 11 directly as a single cross-coupled product in 68% yield. The 1H 
NMR, 13C NMR and mass spectral data along with optical rotation of our synthetic 
compound were in good agreement with the data previously reported in the literature. Thus, 
we have accomplished the stereoselective total synthesis of (+)-Strictifolione 11 in 13 steps 
with an overall yield of 11.6% (when one of the fragment vinyl lactone 13 prepared from 
syn-acetate aldol adduct 3) and in 11 steps with an overall yield of 8.82% (when one of the 
fragment vinyl lactone 13 prepared via syn-acetate aldol adduct 14) (Scheme 14). 
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CHAPTER II: This chapter describes an introduction to tuberculosis, previous approaches 
and studies towards the total synthesis of (–)-Colombiasin-A and (–)-Elisapterosin-B.  
 
Introduction: This part of the section describes an introduction to tuberculosis, (–)-
Colombiasin-A 1 & (–)-Elisapterosin-B 2 and literature review on important synthetic 
approaches towards their synthesis. 
 
 
 
 
 
 
Figure 1. Novel diterpenes isolated from Pseudopterogorgia elisabethae. 
Present work: Studies towards the total synthesis of (–)-Colombiasin-A 1 & (–)-
Elisapterosin-B 2.  
The interesting biological activities along with structural complexity with high 
functionalization and extreme scarcity in natural abundance have attracted many synthetic 
chemists to become fascinated towards the total synthesis of novel marine diterpenoids (–)-
colombiasin-A 1 and (–)-elisapterosin-B 2. As a part of our ongoing research programme in 
synthesizing new anti-tubercular agents, we herein describe studies towards the 
stereoselective synthesis of (–)-colombiasin-A 1 and (–)-elisapterosin-B 2. 
Retrosynthetic analysis revealed that target compound (–)-elisapterosin-B 2 could be 
obtained by Lewis acid BF3.OEt2 mediated rearrangement of (–)-colombiasin-A 1, which 
inturn would be envisaged from the Grubbs’ olefin cross-metathesis of the key precursor 6 
[albeit vinyl and methallyl groups are in opposite planes we assume that olefin cross-
metathesis would be successful due to 1,3-relation of these groups along with endocyclic 
nature of tricyclic core, bigger size of Grubbs’ catalysts, and natural existence of these 
synthetic targets]. The compound 6 could be accomplished by C1-Wittig olefination of 
aldehyde 7, which inturn would be achieved by selective hydrogenation of internal double-
bond and subsequent Wittig-Levine-type methoxymethenylation of more electrophilic 
ketone 8 [the newly generated –CHO would be in 1,3-cis relation with already existing –
CH3 group due to stable envelope cyclopentane conformer]. The ketonic compound 8 would 
be attained from the very crucial [4+2] intramolecular Diels-Alder reaction (IMDA) of 
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dienyl quinonic compound 9, which inturn can be obtained by the oxidation of dienyl 
aromatic ketone 10. The key important fragment 10 would be realized from the deprotection 
of dithiane group in dithiane 11, which consecutively could be achieved from the crucial 
organolithium mediated Umpolung coupling reaction of aliphatic dienyl halides 12a or 12b 
and aromatic dithiane 13. The aliphatic dienyl halides 12a or 12b can be synthesized from 
the commercially available (S)-Hydroxy-2-methyl propionic acid methyl ester 14 by a 
sequence of reactions and the aromatic dithiane 13 can be achieved from the commercially 
accessible 1,4-dihydroxy benzene/hydroquinone 15 by a standard progression of reactions 
(Scheme 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1 
Synthesis of aromatic dithiane 13 
Accordingly, synthesis of aromatic dithiane 13 started from the commercially 
available hydroquinone 15, which on Jones oxidation by using CrO3 in CH2Cl2/Et2O at 0 oC 
for 30 min. afforded benzoquinone 16 in 97% yield. Then benzoquinone 16 on Thiele 
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the triacetate 17 in 92% yield, which subsequently on NaOH mediated methylation with 
dimethylsulphate in MeOH at room temperature for 1 h resulted in trimethoxy benzene 18 in 
90% yield (Scheme 2). 
 
 
 
Scheme 2 
In continuation, trimethoxybenzene 18 was ortho-methylated in the presence of n-
BuLi and dimethylsulphate in dry THF at 0 oC-r.t. for 3 h to afford the corresponding 1,2,4-
trimethoxy-3-methylbenzene 19 in 94% yield, which was regioselectively brominated (para 
to aromatic –OCH3 group) in the presence of NBS in CCl4 at room temperature for 4 h to 
give bromo compound 20 in 92% yield. Then bromo compound 20 was formylated in the 
presence of n-BuLi and DMF in dry Et2O at 0 oC-reflux conditions for 10 min. to afford the 
aromatic aldehyde 21 in 83% yield (Scheme 3). 
 
 
 
 
Scheme 3 
The aromatic aldehyde 21 on electrophilic bromination/iodination with different 
brominating/iodinating agents such as Br2 in CHCl3, Br2/NaOAc in AcOH, NBS in CH3CN, 
NBS in TFA, KBr/Oxone in MeOH, NIS in CH3CN, NIS in TFA, I2/AgNO3 in MeOH, 
NaNO2/I2/H2SO4 in CH3CN, KI/Oxone in MeOH at different temperatures varying from 
room temperatures to refluxing temperatures for prolonged reaction time (usually 1-12 hrs) 
proved unsuccessful in affording required bromo 21a or iodo 21b derivative (which can be 
converted to fragment 13 via sequence of reactions). This may be attributed due to electron  
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withdrawing nature of –CHO group, which can deactivate the electron ring current in 21 
towards different electrophiles. In all the cases the starting materials were recovered 
(Scheme 4). 
From the above results we decided to alter the electron ring current in aldehyde 21. 
Consequently methyl group adjacent to aldehyde functionality in compound 21 was 
demethylated with 1M solution of BCl3 in dry CH2Cl2 at 0 oC for 1 h to afford the required 
salicylaldehyde derivative 22 in 95% yield. Then the salicylaldehyde derivative 22 on 
K2CO3 mediated bromination with Br2 in dry CH2Cl2 at 0 oC for 1 h afforded the 
corresponding bromo compound 23 in 92% yield. The –CHO group in 
bromosalicylaldehyde 23 was treated with 1,3-propanediol and triethylorthoformate (TEOF) 
in the presence of catalytic tetra-n-butylammonium tribromide (TBATB, 1.0 mol%) under 
solvent-free conditions for 30 minutes to furnish  the corresponding acetal derivative 24 in 
98% yield (Scheme 5). 
 
 
 
 
Scheme 5 
After careful investigation of the lability of protecting groups, we expect tert-
butylsilyl group (TBS-) would serve as the best group in our later part of the synthesis. 
Accordingly free –OH group in the compound 24 was protected as its TBS-ether in the 
presence of TBS-Cl and imidazole in dry DMF at 0 oC-r.t. for 12 h to furnish the compound 
25 in 90% yield. Now the stage is set for the insertion of crucial methallyl group in the 
compound 25, which would act as Grubbs’ side-arm in the finishing part of the synthesis. 
Thus we had carried out the insertion of methallyl group via set of Li-halogen exchange 
reactions with n-BuLi, s-BuLi and t-BuLi under Gilman conditions in different solvents 
THF and Et2O. The best result we obtained when 25 was treated with n-BuLi (1.12 eq.), 
CuBr.DMS (1.05 eq.) and Me2S (in ratio g/mL to CuBr.DMS) to furnish 27 in 35% yield 
along with debrominated 27a in 3% isolated yield. The low yields in this highly sensitive 
reaction may be attributed due to electron-donating ability of silyl-group, which can 
destablize the insitu generated Gilman intermediate. Thus by keeping in mind the 
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importance of yields in each and every step at the early stage of total synthesis in order to 
carry the end game synthesis, we decided to alter the phenolic –OH protection from TBS- to 
MOM-group in compound 24. Hence we decided to protect with MOM-group which can 
stablize the Gilman intermediate in order to improve the yield in the above methallylation 
reaction (Scheme 6). 
 
 
 
 
Scheme 6 
Accordingly free –OH group in the compound 24 was protected as its MOM-ether in 
the presence of MOM-Cl and DIPEA in dry CH2Cl2 at 0 oC-r.t. for 12 h to furnish the 
compound 28 in 87% yield, which on n-BuLi mediated methallylation with methallyl 
bromide in the presence of CuBr.DMS and Me2S under argon atmosphere in dry Et2O at – 
78oC to r.t. for 0.5 h–4.5 h resulted in the corresponding methallylated product 29 in 92% 
yield along with debrominated product 29a in 5% yield. Thus according to our expectations 
the methallylated product 29  was obtained in high yield (Scheme 7).  
 
 
 
 
Scheme 7 
Having prepared the compound 29 in ample quantity, next we sought to convert 
acetal moiety in 29 to thioacetal moiety, which would be beneficial in the Umpolung based 
coupling reaction in the later part of the synthesis. Consequently transthioacetalisation of the 
acetal compound 29 with 1,3-propanedithiol in the presence of phosphotungstic acid  
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H3PW12O40 (1.0 mol%) under solvent-free conditions at room temperature for 30 minutes  
afforded the corresponding thioacetal 13 in 97% yield (Scheme 8). 
Alternatively thioacetal 13 was prepared in 92% yield by the reaction of aromatic 
aldehyde 30 with 1,3-propanedithiol in the presence of Sc(OTf)3 (4.0 mol%) in CH2Cl2 at 
room temperature for 30 min. The required aromatic aldehyde 30 was prepared by PPTS 
(30.0 mol%) catalyzed acetal deprotection of acetal 29 in moist.acetone under reflux 
conditions for 15 minutes in 95% yield (Scheme 9). 
 
 
 
 
 
Scheme 9 
Synthesis of dienyl halides 12a and 12b 
After preparing the fragment 13 we have chosen to synthesis dienyl halides 12a and 
12b from the (S)-Roche ester 14. Consequently the free –OH group in (S)-hydroxy-2-methyl 
propionic acid methyl ester 14 was protected as its PMB-ether 32 in 97% yield by reacting 
with p-methoxybenzyltrichloroacetimidate 31 (which was prepared from p-methoxybenzyl 
alcohol and trichloroacetonitrile) under catalytic pyridinium para-toluenesulphonate (PPTS) 
in solvent system CH2Cl2-cyclohexane at 0 oC-r.t. for 24 h. The methylester group in 32 on 
reduction with LiAlH4 in dry THF at 0 oC-r.t. for 2 h afforded the corresponding alcohol 33 
in 99% yield (Scheme 10). 
 
 
 
  
 Scheme 10 
The alcohol 33 under swern oxidation condition for 3 h afforded the corresponding 
aldehyde 34 in quantitative yield, which was pure enough to carry in the next step. Horner-
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methyl]-phosphonic acid diethyl ester 35 (this reagent has been prepared from the reaction 
between triethylphosphite and 2-Chloro-N-methoxy-N-methyl-acetamide) in the presence of  
NaH in dry THF at 0 oC for 5 h afforded the required (E)-α,β-unsaturated Weinreb amide 36 
(≥97% de) in 92% yield for two steps (Scheme 11). 
 
 
 
 
 
Scheme 11 
The α,β-unsaturated Weinreb amide 36 on treatement with DIBAL-H in dry THF at 
–78oC for 1 h resulted in the corresponding α,β-unsaturated aldehyde 37 quantitatively, 
which was pure enough to carry in the next step. The compound 37 under NaHMDS 
mediated salt-free Wittig olefination with ethyl triphenyl phophonium bromide at –78oC-r.t. 
for 14 h furnished the isomerically pure E,Z-diene 38 in 82% yield for two steps (Scheme 
12).  
 
 
 
Scheme 12 
Our initial attempt to deprotect PMB-group of the diene 38 with DDQ in solvent 
system CH2Cl2/H2O (v/v = 9:1) has guided to complete decomposition of the starting 
material. Next we have attempted to deprotect PMB-group with CAN in CH3CN-H2O, TFA 
in CH2Cl2,  AgO in aq.HNO3, TMSI in CHCl3, 1M HCl in EtOH. In all the cases the starting 
material was completly decomposed. However the deprotection of PMB-group with I2 (10 
mol%) in MeOH under reflux conditions afforded the required alcohol 39 in 1:1 inseparable 
mixture of isomeric alcohols 39 (E/Z) and 39a (E/E) in 72% yield. At last to our delight the 
diene 38 in the presence of hard Lewis acid MgBr2.OEt2 (3.0 eq.) and soft nucleophile Me2S  
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(10.0 eq.) in dry CH2Cl2 for 3 h afforded the corresponding isomerically pure dienyl alcohol 
39 in 85% yield (Scheme 13). 
Next the dienyl alcohol 39 on treatment with imidazole, PPh3 and I2 in dry CH3CN-
benzene solvent system at room temperature for 1 h furnished the corresponding dienyl 
iodide 12a in 83% yield. In the similar manner the dienyl alcohol 39 was reacted with PPh3 
and CBr4 in dry CH2Cl2 at room temperature for 6 h afforded the corresponding dienyl 
bromide 12b in 95% yield. In both the cases we have observed no isomerization of Z-double 
bond in dienyl alcohol 39 (Scheme 14). 
 
 
 
Scheme 14 
Synthesis of key fragment 11: via Umpolung coupling of aromatic dithiane 13 & aliphatic 
dienyl halides 12a or 12b 
Now the stage is set for the important coupling reaction between aromatic dithiane 
13 and dienyl halides 12a or 12b under Umpolung conditions. Accordingly first we have 
treated the dithiane 13 with dienyl iodide 12a in the presence of n-BuLi (1.0 eq.) in dry 
THF/TMEDA (9:1) at –78 oC to r.t. for 12 h. To our displeasure instead of affording coupled 
product 11, we have ended up with the unidentified by-products. The same reaction with n-
BuLi (2.0 eq.) in dry THF/TMEDA (7:3) at –78 oC to r.t. for 12 h also furnished the 
complex reaction mixture. The same experiment with s-BuLi or t-BuLi in the presence of 
dry THF/TMEDA or dry THF/HMPA or dry Et2O/TMEDA doesn’t afforded any coupled 
product 11. We also repeated the same experiment with dienyl bromide 12b only to furnish 
the unidentified mixture of by-products. In all the cases the starting materials were not 
recovered (Scheme 15). 
 
 
 
 
Scheme 15 
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The negative results in Umpolung coupling of aromatic dithiane 13 and dienyl 
halides 12a or 12b as depicted in Scheme 15 may be attributed due to the destabilization of 
dithiane carbanion by high electron-donating groups presented in aromatic ring of dithiane 
13. In addition steric hindrance caused by methallyl group of dithiane 13, which may 
obstruct the incoming electrophilic dienyl halides 12a or 12b. Currently studies are in 
progress to demonstrate these results in our laboratory by modifying the structure of the 
dithiane moiety.  
Modified retrosynthetic analysis for the synthesis of fragment 10 
As the above synthetic strategy to couple aromatic dithiane 13 and dienyl halides 12a 
or 12b under Umpolung conditions resulted in complex by-products instead of fragment 11,   
a small modification was applied in the retro-synthetic strategy as given in Scheme 1. 
Accordingly the key aromatic ketonic intermediate 10 could be obtained from the oxidation 
of crude diastereomeric alcohols 40/40a, which inturn could be obtained from the crucial t-
BuLi mediated coupling of aliphatic dienyl iodide 12a and aromatic aldehyde 30 (Scheme 
16). 
 
 
 
 
Scheme 16 
Accordingly dienyl iodide 12a was reacted with aromatic aldehyde 30 in the 
presence of t-BuLi (2.0 eq.) in dry Et2O/THF (9:1) at –78 oC under argon for 30 minutes to 
afford the corresponding mixture of diastereomeric alcohols 40/40a (estimation of ratio was 
not required). After work-up the crude reaction mixture was immediately subjected to IBX 
(2.0 eq.) mediated oxidation in DMSO/CH2Cl2 (1:9) at room temperature for 3 h to furnish 
the required key intermediate aromatic ketone 10 in 66% yield for two steps. The structure  
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of the compound 10 was confirmed by 1H NMR, 13C NMR and mass spectroscopy (Scheme 
17). 
Having prepared the crucial intermediate ketone 10 in sufficient quantity, next we 
would like to prepare the important Diels-Alder precursor i.e., dienyl quinone 9 via 
sequential reactions that include MOM-deprotection followed by oxidation of compound 10. 
Consequently the aromatic ketone 10 on treatment with catalytic PPTS (0.25 eq.) in 
CH2Cl2/MeOH (1:1) at 40 oC for 1 h afforded the inseparable complex reaction mixture. The 
same reaction was repeated under mild reaction conditions that include CBr4 (iPrOH, 
reflux), TPP-CBr4 (ClCH2CH2Cl, 40 oC), Dowex-50w (aq.MeOH), AlCl3-NaI 
(CH3CN/CH2Cl2, 1:1, room temperature), NaHSO4-SiO2 (CH2Cl2, room temperature), TMSI 
(CHCl3, room temperature), MgBr2.Et2O (Et2O, 0 oC-r.t.), TFA (CH2Cl2). In all the cases the 
starting material was decomposed and no product 41 was isolated. To our discontent the 
aromatic ketone 10 also decomposed after work-up, when subjected to MOM-deprotection 
in the presence of BCl3 in dry CH2Cl2 at –78 oC (Scheme 18). 
 
 
 
 
 
Scheme 18 
 After so many failure attempts to deprotect MOM-group in the compound 10, we 
determined for direct oxidation of aromatic compound 10 to furnish the key Diels-Alder 
precursor 9. Accordingly the compound 10 was treated with ceric ammonium nitrate (CAN) 
in CH3CN/H2O (2:1) at 0 oC to room temperature, but we ended up with inseparable 
complex reaction mixture. We also unsuccessful in synthesizing compound 9 with DDQ 
(CH2Cl2/H2O, 8:2, 0 oC to r.t.), AgO-6M HNO3 (1,4-dioxane, r.t.), AgO-dipicolinic 
acid/pyridine 2,6-dicarboxylic acid (CH3CN/H2O, 2:1, 0 oC to r.t.), Ag(DPAH)2-NaOAc 
(CH3CN/H2O, 4:1, 0 oC to r.t.), PIFA (CH3CN/H2O, 2:1). In all the cases starting material 
was decomposed to mixture of unidentified by-products and no starting material was 
recovered. We have also carried out this reaction in the presence of 
Tl(NO3)3.3H2O(MeOH/CH2Cl2, 1:2, 0 oC-r.t.) and PhI=O (CH3CN/H2O, 3:1, 0 oC-r.t.). 
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Unfortunately no oxidation reaction occurred, but we have recovered the starting material 
(Scheme 19). 
 
 
 
 
 
Scheme 19 
Factors influencing MOM-deprotection (Scheme 18) and oxidation (Scheme 19) of key 
fragment 10 
The negative results in MOM-deprotection (Scheme 18) and in oxidation (Scheme 
19) of key fragment 10 even under milder reaction conditions may be attributed due to the 
presence of –C=O group adjacent to highly substituted & electron-rich aromatic ring. Hence 
in our future work plan we would like to modify the –C=O group in order to avoid the direct 
impact on aromatic ring of fragment 10.  
Work in progress: Completion of the synthesis of (–)-Colombiasin-A 1 and (–)-
Elisapterosin-B 2 
Presently the following scheme 20 is under progress in order to complete the total 
synthesis (–)-colombiasin-A 1 and (–)-elisapterosin-B 2. Accordingly –C=O group in 
aromatic ketone 10 would be reduced in the presence of (R)-CBS to afford the 
corresponding alcohol 40, which inturn could be converted to alkyne derivative 42 (with 
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100% inversion of configuration) from the reaction between insitu generated tosyl derivative 
of 42 with lithium acetylide. The triple bond in alkyne 42 would be partially hydrogenated 
under Lindlar’s conditions to give the corresponding alkene 43. On the other hand alkene 43 
could be synthesized directly from the reaction between insitu generated tosyl derivative of 
42 with vinyl lithium. The alkene compound 43 under unambiguous reaction conditions as 
depicted in Scheme 1 could be converted to the indispensable (–)-colombiasin-A 1 and (–)-
elisapterosin-B 2. 
 
CHAPTER III: Section A: This section describes an introduction to malaria & quinolines 
and microwave-assisted one-pot synthesis of 2,4-disubstituted quinolines under solvent-free 
conditions. 
 
Introduction: This part of the section describes an introduction to malaria and quinolines. 
Present work: Microwave-assisted one-pot synthesis of 2,4-disubstituted quinolines under 
solvent-free conditions. 
 
In this section, we wish to report a novel and efficient approach for the synthesis of 
2,4-disubstituted quinolines 4a-n by three-component condensation of amines 1a-f, 
aldehydes 2a-d and alkynes 3a-e on the surface of montmorillonite clay impregnated  with  
copper(I)bromide  in  solvent-free  conditions (Scheme 1). 
 
 
 
Scheme 1 
Accordingly, the treatment of aniline 1a and benzaldehyde 2a  with homopropargyl  
alcohol 3a in the presence of montmorillonite clay doped with 30 mol% copper(I)bromide 
under microwave irradiation over 4 minutes afforded the corresponding 2,4-disubstituted 
quinoline 4a in 92% yield. However the same reaction under conventional heating at 80 oC 
afforded the product in 89% yield (Scheme 2). 
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Table 1. Copper-Montmorillonite promoted synthesis of quinolines under microwave 
irradiation. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Entry Arylamine ArCHO Alkyne Quinolinea
Microwaveb Conventionalc
Time (min) Yield (%) Time (h) Yield (%)
a
NH2 CHO
HO
N Ph
OH
4.0 92 3.0 89
b
NH2 CHO
HO
N Ph
OH
5.0 89 4.5 85
F F
F
F
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HO
N
OH
3.0 90 3.5 87
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MeO
MeO
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N
OH
5.0 87 6.0 81
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i
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In a similar fashion, various imines (formed in situ from aldehydes and aryl amines on the 
surface of clay) reacted smoothly with alkynes to produce the corresponding quinoline 
derivatives. The reactions proceeded efficiently in solvent-free conditions and are 
completed within 3.0–5.0 minutes under microwave irradiation. The same reactions took 
3.0–6.0 hours under thermal conditions to afford comparable yields to those obtained by 
microwave irradiation. Both electron-rich and electron-deficient aldehydes and amines 
afforded the corresponding quinoline derivatives in excellent yields (75–93%) with high 
selectivity. Furthermore, phenyl acetylene and hydroxy substituted alkynes gave higher 
yields than simple alkynes. Whereas ketones such as cyclohexanone 6c, acetophenone 6e, 
and tetralone 8 did not give the desired product under these reaction conditions. Sterically 
hindered amines 1 b &  1 f  also reacted equally well with aromatic aldehydes 2a & 2c and 
alkynes 3a, 3b & 3c to afford the corresponding quinolines 4b, 4d, 4i & 4l in high yields. 
The scope and generality of this process is illustrated with respect to various amines 1a-f, 
j
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N
OH
5.0 85 5.5 82
Br
Br
k
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N Ph
OH
3.0 89 4.5 86
Me
Me
l
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N Ph
Ph
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MeO
MeOMeO
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m
NH2 CHO
N Ph
3.0 75 3.5 71
Me
Me
n
NH2 CHO
N
5.0 89 3.5 85
F
F
Cl
F Cl
F
OH
HO 3
3
a All products were characterized by 1H NMR, IR and mass spectroscopy.
b Pulsed irradiation (1min with 20 s interval).
c Conventional heating at 80 oC.
Entry Arylamine ArCHO Alkyne Quinolinea
Microwaveb Conventionalc
Time (min) Yield (%) Time (h) Yield (%)(1a-f) (2a-d) (3a-e) (4a-n)
1a 2d 3b 4j
1c 2a 3b 4k
1f 2a 3c 4l
1c 2a 3d 4m
1d 2c 3e 4n
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aldehydes 2a-d and alkynes 3a-e and the results are presented in Table 1. All the products 
were well characterized by 1H NMR, 13C NMR and mass spectroscopy. 
Section B: This section describes an introduction to Friedlander quinolines and their 
synthesis on the surface of recyclable heteropoly acid silver phosphotungstate 
(Ag3PW12O40).  
 
Introduction: This part of the section describes an introduction to Friedländer quinolines. 
Present work: Friedlander quinoline synthesis on the surface of recyclable heteropoly acid 
silver phosphotungstate (Ag3PW12O40)  
In view of the emerging importance of the use of heterogeneous solid acids as 
reusable catalysts in organic synthesis, we wish to disclose a simple and efficient procedure 
for the Friedländer polysubstituted quinolines 7a-n using 20 mol% silver salt of heteropoly 
acid (Ag3PW12O40) as a catalyst by the condensation of 2-aminoaryl ketones 5a-d with α-
methylene carbonyl compounds 6a-f in EtOH under reflux conditions in 80-92% yield (Scheme  
3). 
 
 
 
Scheme 3 
Accordingly, treatment of 2-aminobenzophenone 5a with ethylacetoacetate 6a in the 
presence of 20 mol% silver salt of heteropoly acid (Ag3PW12O40) resulted in the formation 
of ethyl 2-methyl-4-phenyl-3-quinolinecarboxylate 7a in 92% yield (Scheme 4). 
 
 
  
 Scheme 4 
Similarly, various ketones such as acetyl acetone 6b, butan-2-one 6d and 
acetophenone 6 e  reacted smoothly with 2-aminoaryl ketones like 2-aminobenzophenone 
5a, 2-amino-5-chlorobenzophenone 5b and 2-amino-5-chloro-2’-chlorobenzophenone 5c 
to afford the corresponding substituted quinolines 7b, 7e, 7f, 7g and 7k in 80-89% yield. 
Interestingly cyclic ketones such as cyclohexanone 6c and cyclopentanone 6f also 
underwent smooth condensation with 2-aminobenzophenone 5a, 2-amino-5-
chlorobenzophenone 5b and 2-amino-5-chloro-2′-chlorobenzophenone 5c to afford  
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Table 2. Ag3PW12O40-catalyzed Friedlander synthesis of quinolines  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Entry 2-Aminoketone Ketone Quinolinesa Time (h) Yieldb (%)
a
N CH3
Ph
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b 4.5 89
c 3.5 87
d
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respective tricyclic quinoines 7c, 7h, 7i, 7l and 7m in 80-89% yield. This method is equally 
effective for both cyclic and acyclic ketones. Various substituted 2-aminoaryl ketones such 
as 2-aminobenzophenone 5a, 2-amino-5-chlorobenzophenone 5b, 2-amino-5-chloro-2’-
chlorobenzophenone 5c and 2-aminoacetophenone 5d reacted smoothly with α-methylene 
carbonyl compounds 6a-f to produce a range of quinoline derivatives 7a-n in good to 
excellent yields. This method is very useful for the preparation of quinolines from both 2-
aminobenzophenone 5a and 2-aminoacetophenone 5d. The efficacy of other solid acids 
such as K10 clay, SiO2, and H-ZSM-5 was studied for this reaction. Among these catalysts, 
Entry 2-Aminoketone Ketone Quinolinea Time (h) Yieldb (%)
j
N CH3
5.5 82
k
4.5 86
l 4.0 83
m
n
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O O
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aAll products were characterized by 1H NMR, IR and mass spectroscopy.
bIsolated and unoptimized yields.
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silver salt of 12-tungustophosphoric acid (Ag3PW12O40) was found to be superior in terms 
of conversion and reaction rates. However, in the absence of heteropoly acid, the reaction 
did not proceed even after long reaction times (8–12 h). As solvent, ethanol appears to be 
superior giving the best results. The heteropoly acid (Ag3PW12O40) provides an ease 
separation of the catalyst and the product. The catalyst was easily separated by simple 
filtration and reused after activation with gradual decrease in activity. This method offers 
several advantages such as high conversions, short reaction times, cleaner reaction profiles 
and simple experimental and workup procedures. The scope and generality of this process 
is illustrated with respect to various 2-aminoaryl ketones 5a-d and α-methylene ketones 6a-f 
and the results are summarized in Table 2. All the products were well characterized by 1H 
NMR, 13C NMR and mass spectroscopy. 
